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-Four in a Row 


Play against each other or against the micro! 


With ordinary (board) games there is always the possibility 


that some parts get lost over time, such as playing pieces, 


cards or dice. An electronic version of the game obviously 


doesn’t suffer from this. But this is not the only advantage that 


modern technology offers us. 


Apart from playing against another 
human opponent you can also play 
against the microprocessor. A handy 
‘undo’ function is included, which lets 
you correct any mistakes you made 
(usually some silly move!). 


The game 


First we'll explain the rules, just in case 
you're not familiar with them. Four in a 
row is normally played with two play- 
ers, who each use different coloured 
discs. The players take it in turn to drop 
a disc into any of the columns of a 
frame. The first one who manages to 
get four of his discs in a row (horizon- 
tally, vertically or diagonally), wins. In 
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this instance the game can also be 
played against the microcontroller. 
There are several methods that can be 
used to implement an automatic oppo- 
nent. A large number of examples can 
be found on the Internet. Most of these 
are based on Alpha-Beta algorithms 
and there is even one that uses an enor- 
mous table to search for the best move. 
The algorithm in our version isn’t quite 
an Alpha-Beta one, but it still makes a 
very capable opponent. 

The automatic opponent can be turned 
on at any time. The micro will then 
make the next move. 

The play area is represented by a 
matrix of 42 bi-colour LEDs. The play- 
ers drop a disc down a column using 


the switches that are underneath each 
column. When ‘four in a row’ are 
detected the winning line will flash 
and the game is over. Every move 
made is also stored, so it is always 
possible to go back. This even works 
when a winning line flashes. 


The circuit 


The game is built round an AT9082313 
microcontroller by Atmel, which runs 
at 10 MHz. The circuit diagram is 
shown in Figure 1. As you can see, the 
LED matrix takes up most of the board. 
The 12 cathode lines are driven by IC2. 
This is a HEF4894B, a relatively new 
addition to the 4000B CMOS family. It 
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Figure 1. The circuit contains 42 bi-colour LEDs for the play area. 


is a 12-channel serial to parallel shift 
register with open drain outputs. This 
IC was specifically designed as a LED 
driver and is therefore particularly suit- 
able for our application. With this IC 
the use of common anode LEDs was 
the logical choice. 

The LEDs are multiplexed. The 
columns are activated in turn, while 
the right rows are activated at the 
same time, making the required LEDs 
light up. The LEDs aren't very bright, 
but it’s sufficient for indoor use. The 
current through the LEDs is limited to 
20 mA, because the HEF4894B cannot 
sink more than that. Since they are 
multiplexed at a ratio of 1:7, the aver- 
age current is only about 2 to 3 mA. 
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The anodes are driven by IC3, an 8- 
channel source driver that is connected 
to port B of the microcontroller. 

The software goes through all the 
columns. Pin PB3 is skipped because 
this connects to the piezo buzzer. Dur- 
ing the scanning of the columns a 
check takes place to see if a switch is 
pressed (see the sidebar). This uses a 
common return signal, which is con- 
nected to PDO of the microcontroller. 
The extra diodes prevent more than 
one column becoming active when 
several switches are pressed. 

The circuit contains a voltage regula- 
tor, so the power source can either be 
a 9 V battery or mains adapter. The 
maximum current consumption is 


about 150 mA, so we would recom- 
mend that you use a 300 mA mains 
adapter. 

The idle current of the circuit is 800 uA. 
This is a bit too much to leave the cir- 
cuit permanently powered by batteries, 
so an on/off switch is recommended. 
The circuit will also work with four AA 
cells and a diode instead of IC4. The 
idle current without a voltage regulator 
is only 1 WA and an on/off switch is no 
longer necessary. This is feasible since 
the circuit goes into a sleep mode auto- 
matically when it hasn't detected any 
activity for a certain length of time. The 
memory contents are saved in this 
state and it is possible to resume a 
game again at any time. 
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Operation 


When used in combination with shift key S1, column switches 1 
to 7 (S2 to S8) have a different function. To access these func- 
tions you first have to hold down the shift key, then momentarily 
press the required column switch. The shift key can then be 
released again. 


Switch Function 

New game 

Undo the last move 
Two players 

One player / micro 
Sound off 


Sound on 


NO oO BR W DY 


Kaleidoscope 


New game When this switch is pressed during a game, the 
board is wiped clear and a new game starts. When you play 
against the microcontroller you will have the first move. 


Undo the last move Every move can be undone. If you 
press this switch repeatedly it is even possible to go right back 
to the beginning of a game. After you have gone back a move, 
it is always the turn of the human player. This can result in a 
change of sides during the game. In that case you should press 
switch 4, which forces the micro to make a move. 


Two players If you press on ‘two players’ then two people 
can play against each other. 


One player / micro This switch lets you play against the AT 
micro. It can also be used to force the micro to make a move at 
any time. Pressing it repeatedly therefore makes the microcon- 
troller play against itself. 


Sound on/off These switches turn the sound effects on and 
off. Each player is represented by different sounds. A short beep 
is made whenever a switch is pressed. 


Kaleidoscope This was added just for fun, as there was still 
some room left in the Flash memory and a spare switch was 
available. LEDs are randomly turned on and off in symmetrical 
patterns on the display. The colours are limited to red and 
green; the yellow/orange combination isn’t used. Note that you 
will lose any game in progress when you select the kaleidoscope 
function. Furthermore, the power-down timer is not active in this 
mode, so you have to take care that you don’t drain the batter- 
ies. Pressing any of the column switches will exit from the kalei- 
doscope mode. 


Construction 

You should choose a suitable case 
before starting with the construction 
of the PCB. We've chosen a Pactec case 
without a battery compartment. The 
bare PCB can then be used as a drill 
template. We have added some extra 
holes for this in the centre of the 
switches. Try to keep the height of the 
populated PCB as low as possible. The 
LEDs and switches should rise above 
all other components. Keep this in 
mind when you buy the components 
and mount the electrolytic capacitors 
horizontally if necessary (first measure 
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the available space in the case). 

You can also gain some space by 
avoiding IC sockets. If you find this a 
bit scary, you should consider the 
method we've used in our prototype 
(Figure 3). This is covered in more 
detail in one of the design tips else- 
where in this issue. 

As always, you should start with the 
wire links on the PCB. You should then 
solder the rest of the components, but 
leave the LEDs till last. Check the 
polarity and make sure that they are all 
at the same height above the PCB. 
The microcontroller can be programmed 








Figure 2.During construction you should keep in mind the limited height available in 


the case. 
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in advance or via connector PL1. 

There may be some unusual behaviour 
during testing. Especially when a 6 V 
supply with diode (instead of 9 V and 
a voltage regulator) is used, you'll find 


COMPONENTS 
LIST 


Resistors: 
R1-R12 = 47 
R13,R16 = 100k 
R14 = 4kQ7 

R15 = 1809 


Capacitors: 

C1,C2 = 10pF 16V radial 
C3,C4,C5 = 100nF 

C6 = 10nF 

C7,C8 = 33pF 


Semiconductors: 

D1-D7 = 1N4148 

D8-D49 = bi-colour LED (red/green) with 
common anode 

IC1 = AT90S2313-10PC, programmed, 
order code 030146-41 

IC2 = HEF4894BP 

IC3 = UDN2981A 

IC4 = 7805 or 1N4004 * 


Miscellaneous: 

$1-S8 = miniature pushbutton, 1 make 
contact 

BZ1 = 6V DC (active) buzzer 

X1 = 10MHz quartz crystal 

K1 = 6way SIL header 

Case, e.g., PacTec type HP 

PCB, order code 030146-1 

Disk, contains source and hex code files, 
order code 030146-11 or Free 
Download 
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Algorithm 


The ‘best move’ algorithm is the intelligence behind the comput- 
erised opponent. The algorithm that finally found its way into the 
processor was first tested extensively on the PC. The program 
(and the C code) are included in the download package. This 
code makes it easier to follow the workings of the algorithm and 
it is simpler to experiment with. 


The algorithm looks several moves ahead. Every possible move 
is given a score and the move with the highest score will finally 
be chosen. There are two important functions: AVRMove 
(AutoMove in the C version) searches for any obvious moves. 
The second function, NextSearch, is called when no move is 
found that gives an immediate win. This function is recursive 
and is called until a winning move is found or a certain maxi- 
mum search depth has been reached. 


Winning lines 

When a search has reached the maximum depth without finding 
a winning move, the NextSearch routine determines the state of 
the board. During this process the board is not considered as a 
matrix, but as 69 potential winning lines. The number of discs 
belonging to each player is counted for every possible line and 
this information is used to assign a score. When a line has discs 


that the voltage on the PCB drops very 
slowly after the battery is discon- 
nected, due to the very low current 
consumption. One consequence of this 
is that the voltage doesn’t drop far 
enough for the power-up reset to work 
when the battery is reconnected. This 
makes it appear as if the circuit is no 
longer working, even though power is 
applied. If this happens you could reset 
the processor manually by briefly 
shorting C6. 


Playing a game 

When power is first applied a diagonal 
line of burning LEDs moves across the 
play area. The default setting is for one 
player to play against the microcon- 
troller. 

When one of the switches underneath 
a column is pressed, a dropping disc is 
simulated. Next it is the micro’s turn 
and after about a second it will make 
its move using the other colour. 

Then it is the first player’s turn again 
and this continues until one of the 
players has ‘four in a row’ (horizontally, 
vertically or diagonally), or until the 
board is full. Flashing LEDs shows a 
winning line. This is shown for about 
12 seconds, after which a diagonal line 
of LEDs clears the board and a new 
game can be started. 

When the playing field is completely 
full, without there being a winner, it 
becomes a draw. The game will stay in 
this state until a new game is started 
or the last move is undone. 
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from both players, and can therefore never be a winning line, it 
is allocated a score of zero. The total score for player 1 is calcu- 
lated by adding the scores of all possible lines and then sub- 
tracting the scores of the lines of player 2. The score for 

player 2 is the same, but with a minus sign in front of it. Next a 
small random value is added to the scores to give a bit of 
chance to the game and to reduce the possibility of identical 
games. 


Optimisation 

The search depth is limited to five levels, which means that 
NextSearch will be called recursively up to a maximum of five 
times after AVRMove has been called. Theoretically something 
like 20,000 discs can be played and removed. This requires a 
fair amount of processing power and time, and we have there- 
fore made the search routine as efficient as possible. 


When NextSearch is called it receives the best score of the pre- 
vious search level. After NextSearch calculates a new score for 

a certain column, the scores are compared. Should the result be 
worse than the current best score, this search is broken off. 


The danger here is that a move could be arrived at which is 
worse than the calculated score would suggest, since this 
method doesn’t look at every possible combination of moves. To 
avoid a bad move as much as possible, the search is never bro- 
ken of as long as it is at the first search depth. 





Figure 3. Homemade IC sockets keep the height limited. 
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If no switch is pressed for about a 
minute, the processor turns itself off. 
The shift key (S1) should then be used 
to turn the game on again. The game 
then carries on from where it left off 
previously. Should there be no active 
game in the memory the diagonal line 
moves across the board, indicating the 
start of anew game. 


Software 


The software for the microcontroller is 
written in assembler and developed 
using AVR Studio from Atmel. This is 
freely available from the manufac- 
turer’s website. Apart from the source 
code (found in the file ‘inaline.asm’), 
you will also need an include file 
(2313def.inc), which is included as 
standard with AVR Studio. 
Unfortunately, there is not enough 
room here to explain the workings of 
the software in detail, but we can give 
an overview of the more important rou- 
tines. There is also a further explana- 
tion of the search algorithm in the side- 
bar. 

Apart from running the usual initialisa- 
tion routines and setting up the timer, 
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the processor also checks at switch-on 
if a game was still in progress. This is 
easily done by inspecting the value of 
the variable NEXT_MOVE. The value 
here holds the number of moves made, 
starting at zero. Therefore any value 
other than zero means that a game is 
still in progress. 

The program checks continuously how 
many times the timer, which was set 
up at the start, has overflowed. Every 
time a switch is pressed the counter 
will be reset. This is how the program 
determines if it is time to turn itself off 
automatically. 

Before the device is turned off, the 
processor first checks if a winning line 
is flashing. If that is the case, the board 
is cleared using the moving diagonal 
line of LEDs and the game is reset. The 
timer then has to run its course again 
before finally turning off. 

Once the microcontroller is in its sleep 
mode there is not much that can wake 
it up again. It so happens that all inter- 
nal clocks have been stopped. But just 
before the sleep mode is started, exter- 
nal interrupt 0 is activated. Shift key $1 
can then be used to start the associ- 
ated interrupt routine. The most impor- 


tant task of this routine is of course to 
clear the bit for sleep mode in the con- 
trol register of the microcontroller. 


Strength of play 


We've compared our program to sev- 
eral others on the Internet and of 
course to some human players as well. 
In general we found that our device 
plays quite well, especially when you 
compare the processor speed to that of 
a typical PC platform! 
And finally we would like to draw your 
attention to the website of Keith 
Pomakis, www.pomakis.com/~pomakis/ 
c4. Although there are numerous other 
sites about games such as four in a row 
and artificial intelligence, this site is one 
of the few which has a great example of 
a true Alpha-Beta game called ‘con- 
nect 4’. Furthermore, the fully docu- 
mented source code is freely available. 
(030146-1) 


Internet 
www.atmel.com (AVR Studio) 
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